Personnel operating in extreme environmental conditions are exposed to a variety of stressors. Whether a person adjusts to the conditions and is able to cope has implications for their psychological health. In previous extreme-environment work, temporal changes in stress, coping, and emotion have been reported. Building on previous studies, we used a diary methodology to explore temporal changes in and associations between daily events, coping strategies, and affect during a unique hyperarid desert expedition. Four participants undertaking a crossing of the Empty Quarter desert were recruited to the study. Participants completed pre-expedition, postexpedition, 
strategies used, and emotional responses of individuals completing a crossing of the Empty Quarter desert. In contrast to previous studies focused on the polar regions (Leon, Sandal, & Larsen, 2011) , the present research centred on a team completing a physical and scientific expedition in the Middle East, starting in Salalah (Oman) and finishing in Doha (Qatar). Specific to this expedition, we anticipated that key situational stressors would include interpersonal demands associated with being with the same group for a prolonged time, challenges related to travelling through a monotonous environment, extreme fluctuations in temperature, the role split between the lead and support group, and potential issues due to maintaining equipment in the desert environment. As we were interested in examining the temporal changes during the expedition, the transition in and out of the expedition period was also pertinent to the current work. To our knowledge, this is the first psychological study on a group operating in a hyperarid desert environment. We believe findings will contribute to theoretical and applied understanding of how to maintain psychological health throughout endeavours in similarly demanding environmental conditions.
| Psychological functioning in extreme environments
A commonly studied indicator of health in extreme settings is an individual's affect, which represents their emotions, feelings, and mood. In previous expedition studies, weekly and monthly reports of positive affect were found to be rated as considerably higher than corresponding reports of negative affect (Leon, Sandal, & Larsen, 2011 ).
This finding is consistent with a salutogenic reaction (Antonovsky, 1987) suggesting that for some individuals, stressful environmental conditions may be promotive of health and manifest in positive psychological responses including a sense of enjoyment, satisfaction, and perceptions of personal growth (Palinkas & Suedfeld, 2008; Suedfeld, 2001) . Although positive expedition accounts tend to be more frequently endorsed (Wood, Hysong, Lugg, & Harm, 2000) and take precedence over more negative experiences (Kjaergaard, Leon, & Fink, 2015; Leon, Sandal, Fink, & Ciofani, 2011) , a diverse range of negative emotions, and associated events, have been linked to reductions in team cohesion, well-being, and performance in extremes and therefore remain worthy of investigation (Wagstaff & Weston, 2014) . Additionally, a body of evidence suggests there are likely to be time-based changes in psychological functioning when individuals are exposed to extreme settings (Nicolas, Sandal, Weiss, & Yusupova, 2013; Sandal, Leon, & Palinkas, 2006) . Whilst remaining a controversial issue, findings from several extreme-environment studies support the existence of a third-quarter effect. The third-quarter model posits that emotional and psychological difficulties should be expected beyond the midpoint and into the third phase of an expedition (Bechtel & Berning, 1991) . For example, a study on Antarctic overwinterers demonstrated increased work-related and interpersonal stress during the third quarter of their expedition endeavours (Sandal, 2000) . Similar findings were observed by Kahn and Leon (2000) who noted an increase in physical and interpersonal stress towards the middle and latter parts of a 67-day Antarctic expedition.
Additional studies on groups operating in analogous environments have highlighted the potential for irritability, tension, and reduction in mood, well-being, and motivation to occur during later phases of the mission (e.g., Sandal, Bye, & van de Vijver, 2011; Steel, 2001) . Together, these findings point towards a reduction in stress resilience and increased likelihood of difficulties occurring during the middle to latter stages of expedition activities. Whilst findings from prior research suggest that groups operating in extreme settings may be vulnerable to psychological disruption, certain studies offer a contrasting view and negate the suggestion of a decline in functioning in challenging environments (cf. Ritsher, Kanas, Ihle, & Saylor, 2007) . Given the equivocal nature of the findings to date, further research is needed to elucidate when challenging events may occur, and the subsequent changes (in the present case, changes in affect) that individuals experience when completing activities in extreme environments. In order to better represent patterns of functioning and understand the situational experience, assessments should be secured at more regular intervals (i.e., daily as opposed to weekly or monthly). Ultimately, findings from this more intensive sampling process could inform the precise allocation of resources (e. g., when support from ground or mission control is needed) and how to effectively prepare people for changes that might occur prior to them entering extreme settings.
| Coping strategies in extreme environments
The extent to which a person retains a sense of control and reports a positive experience in extreme environmental situations is linked to their ability to cope (Sandal et al., 2006) . Coping has been defined in a variety of ways but essentially refers to the capacity for a person to withstand and counteract physiological and psychological stress (Suedfeld, Brcic, & Legkaia, 2009 ). In the current study, we focus on the specific approaches individuals use to manage stress also known as coping strategies. Our conceptualisations are based on broad problem-and emotion-focused coping techniques, consistent with the definitions put forth by Lazarus and Folkman (1984) . Problem-focused coping efforts (e.g., problem solving) are aimed at managing the environment in order to minimize the impact of stress. Emotion-oriented approaches aim to make the environment more tolerable by managing one's emotional reaction to it, perhaps by using distraction or reframing the situation.
Past research on the coping strategies used by personnel in extreme settings has included studying polar expedition teams (Leon, Sandal, & Larsen, 2011) , submarine personnel (Sandal et al., 1999) , astronauts (Suedfeld et al., 2009) , and military recruits (Sandal et al., 1998; Vickers, Ross, Kolar, & Hervig, 1989) , amongst others. In prior studies, researchers have found that individuals report a tendency to use a combination of emotion-and problem-focused techniques, with few depressive reactions and avoidance methods (Atlis et al., 2004; Leon, Sandal, Fink, & Ciofani, 2011) . Two broad patterns of findings have been reported in relation to coping strategies in extreme environments. Results from a collection of studies suggest an increase in the use of coping strategies when operating under extreme conditions, indicating that more resources have been activated to deal with the situation (Kahn & Leon, 2000; Sandal et al., 1998) . In contrast, other researchers have reported a decrease in coping strategy use that corresponds with a reduction in mood and could be representative of an apathetic state (Sandal, van der Vijver, Smith, & Pallesen, 2016) . At present, changes in coping strategy use and the clustering of coping approaches in extreme settings remain poorly understood. Moreover, although coping strategies have often been assessed during extreme-environment activities, assessments have tended to reflect weekly or monthly time frames. As such, we still have relatively limited information on the daily methods that individuals use to regulate their experience.
Only a handful of extreme-environment studies have directly examined how coping strategies impact upon other indicators of the psychological experience at the situational level (cf. Kahn & Leon, 2000; Nicolas et al., 2013; Wagstaff & Weston, 2014) . The lack of research on the day-to-day experience of individuals functioning in challenging environments may be in part due to limitations in current measurement approaches and particularly the reliance on overly burdensome self-report questionnaires. Developing systems that allow us to validly and reliably monitor the psychological experience of individuals and groups operating in challenging environments (such as those in the polar regions, on military deployments, and in space) is critical if we are to effectively track, support, and maintain crew performance and health. In order for monitoring systems to be effective, they must be sensitive to changes in the psychological experience, explain variability in outcome measures, and not be overly burdensome for individuals to complete. In the present work, we build on the efforts of other researchers (Kjaergaard, Venables, Leon, & Fink, 2013; Leon, Sandal, Fink, & Ciofani, 2011; Wagstaff & Weston, 2014) to test a brief and easy-to-complete daily diary that allows individuals to capture key daily events, coping strategy use, and their affective experience whilst living and working in an extreme setting.
| The present study
The first aim of the study was to examine the personal characteristics of the expedition team members, including typical approaches used to manage stress. Scores from baseline were contrasted with 1-and 4-month follow-up assessments. It was anticipated that expedition team members would report a tendency to use problem-and emotionfocused strategies and utilize less depressive or avoidance approaches.
Second, we used a short daily diary to examine temporal changes in the events experienced, coping strategies used, and affective responses of team members participating in this unique desert expedition. The daily diary included items that reflected coping strategies and affective states examined in the pre-expedition and follow-up surveys. However, this was condensed to a short form that was quick to complete. We did not hypothesize a specific pattern of temporal changes; however, we were interested in the expedition entry and exit 1 At the end of each day on the expedition, the team camped together and prepared for the following day's march.
Although reserve water was carried in the vehicle, this was supplemented by natural wells in the desert, and this partly dictated the route.
During the expedition, the temperatures changed considerably and ranged from 9°Celsius in the evening to 35°Celsius in the daytime.
The team had an on-call remote medical team who could provide support via telepresence in the case of an emergency. Towards the middle of the journey, the team were several hundred kilometres from the nearest medical facility, and in the event of a medical situation evacuation, this would have been particularly challenging.
| Procedure
After receiving ethical approval from the university of the lead author, participants were sent information of the study and asked to sign a consent form. Following informed consent, participants completed a pre-expedition questionnaire. Whilst on the expedition, a daily-rating form (a short, structured diary questionnaire) was completed by the team members at the end of each day. Upon completion of the expedition, the participants completed a follow-up questionnaire at 1 and 4 months after finishing the journey. The first language of one of the team members was Arabic. As such, all of the measures were translated into Gulf Arabic using standardized back-translation procedures.
Although completing the pre-expedition survey in Arabic, the 1 We have purposely not reported specific differences between the expedition subgroups and not provided identifier codes in order to maintain anonymity for the participants.
individual team member completed the remaining survey materials (diary and follow-up) in English.
| Measures

| Coping
The Utrecht Coping List (UCL; Schreurs, Tellegen, Van der Willige, & Brosshot, 1988 ) was used to assess typical ways of coping with problems. The UCL is a 47-item measure that consists of seven subscales tapping into different types of coping strategy. There are seven items focused on active problem solving (e.g., "Making a direct intervention when problems occur"), eight items on palliative reactions (e.g., "Trying to relax"), eight items on avoidance (e.g., "Giving-in in order to avoid difficult situations"), six on seeking social support (e.g., "Sharing one's worries with someone"), seven related to depressive reaction patterns (e.g., "Isolating oneself totally from other people"), three linked to disclosure of emotions (e.g., "Showing one's annoyance"), and five associated with comforting cognitions (e.g., "Telling oneself that things could be worth it"). When responding to the questionnaire items, individuals were asked to think about how they react when confronted with a problem. After reading each item, participants responded using a 4-point Likert scale ranging from 1 (seldom or never) to 4 (very often).
There is good evidence for the validity and reliability of the UCL, and it has been well used in previous extreme-environment research (Leon, Sandal, Fink, & Ciofani, 2011; Sandal et al., 1999) .
| Positive and negative affect
To examine affect, the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) was used. The 20-item PANAS includes two 10-item subscales, one tapping positive emotions (e.g., interested and enthusiastic) and the other tapping negative emotions (e.g., upset and scared). When completing the pre-expedition questionnaire, participants were provided with the stem "During the past month I have felt…" and asked to respond using a 5-point Likert scale ranging from 1 (very slightly or not at all) to 5 (extremely). During the expedition, at the end of each day, participants responded to the PANAS using the stem "Today, I have felt…" using the same scale. The PANAS has been demonstrated as a valid and reliable measure of emotions in many studies (Crawford & Henry, 2004) and has been well used in extreme-environment settings (Palinkas & Suedfeld, 2008) .
| Depression
The Centre for Epidemiologic Studies Depression Scale-Revised been demonstrated as a valid and reliable measurement instrument (Van Dam & Earleywine, 2011) and has previously been used to assess those undertaking long stays in extreme environmental conditions (Grant et al., 2007) .
| Daily-rating form
We used a modified version of the rating form employed by Leon and colleagues in previous expedition projects (Atlis et al., 2004; . The daily-rating form was refined and reformatted prior to being used in the present investigation. The form included items related to affect (PANAS discussed above), perceived stress (based on a Borg scale; Borg, 1982) , daily events experienced, and coping strategies used (single items that align with subscales included in the UCL).
Within the daily-rating form, stress was reported using a 10-point scale ranging from 1 (not at all) to 10 (very much so). Events experienced and coping strategies used were designated with a yes or no response and coded as 0 (did not happen or did not use) and 1 (did happen or did use).
The rating form took approximately 5 min to complete each day.
| Data analysis
Given the small number of study participants, we adopted analytical approaches consistent with n-of-1 clinical trials (Lille et al., 2011) . Initially, we computed descriptive statistics for all of the assessed variables. Changes in daily events and coping strategies were then examined according to weeks of the expedition. Mixed-effects analyses of variance were computed including expedition week as the explanatory variable and the different events and coping strategies as outcomes. A Bonferroni correction was applied for post hoc testing, and a more conservative p value was used to interpret findings (.05/ 21 = .002). For variables where significant weekly time-based changes were identified, these were plotted on a graph and individual differences represented. We also plotted weekly affect scores across the expedition period, including pre-expedition scores and 1-and 4-month follow-ups.
To address the second aim of the study and examine the link between events, coping strategies, and affect, we again tested a series of multilevel models (MLMs). A two-level fixed-effects model was specified where responses (Level 1) were nested within participants (Level 2). This approach is appropriate when dealing with nested data and has demonstrated reliability with small sample sizes (Bell, Ferron, & Kromrey, 2008) . When running the MLMs, initial empty models were computed in order to partition the variance linked to the nesting of responses within participants (Model 0). Predictor variables (events and coping strategies) were included in Model 1 to explain variability in the respective outcome variable (positive and negative affect).
| RESULTS
Prior to the expedition, participants reported a tendency to use active Both negative affect and depression scores declined from the preexpedition into the 1-and 4-month follow-up phases. See Table 1 for further details on pre-expedition values and individual team member values.
The most frequently reported event on the expedition was satis- Table 2 , and findings related to temporal changes in coping strategies are presented in Table 3 Findings from MLM analyses linking daily events to positive and negative affect are presented in Table 4 . Feelings of satisfaction in making good progress and being able to cope were associated with higher levels of daily positive affect. Muscle and joint pain was associated with lower daily positive affect scores. Problems with gear, fear of injury, concerns about decisions, worries about family, and concerns about team working all predicted higher daily negative affect scores.
Findings related to the MLM linking coping strategies and daily affect are presented in Table 5 . Thinking of something pleasant, seeing the situation in a positive way, and efforts to relax were associated with higher daily positive affect scores. Negative feelings about a teammate and discussing personal concerns were linked to lower positive affect scores. Discussing task concerns, keeping feelings to self, having negative feelings about a teammate, and discussing personal concerns were associated with increased negative affect scores.
Thinking of something pleasant and keeping the goal in sight were linked to lower daily negative affect.
| DISCUSSION
The overall purpose of the present study was to examine the psychological experience of a group undertaking an expedition in a unique desert context. We were interested in the profile of the expedition group, temporal changes that occur during and after the expedition, and understanding the situational experience of the team. Using a diary-study method, we assessed day-to-day changes in factors (events and coping strategies) related to psychological health (i.e., affect). Notably, findings highlighted specific events and coping strategies associated with changes in daily positive and negative affect.
To our knowledge, this is also the first psychological study published in the context of a hyperarid desert expedition. Given the novel location, route, and format of the expedition, findings offer valuable insight into understanding the experience of other individuals and groups, such as expeditioners, aid workers, and defence and security personnel operating in comparable settings.
At the pre-expedition phase, participants reported a tendency to use more active problem solving and comforting cognitions when dealing with stress and limited reliance on avoidance strategies. These tendencies have previously characterized other individuals and groups operating in extreme settings and are suggestive of a well-adapted group (Kjaergaard et al., 2015; Leon, Sandal, Fink, & Ciofani, 2011) .
During the expedition, daily positive affect remained at a moderate Physical and medical  Personal hygiene  3  2  2  10  6  6  9  38  ns  Muscle or joint pain  7  7  6  4  2  2  0  28  ns  Fear of injury  1  3  5  0  3  0  1  13  ns  Constipation  1  2  1  2  1  0  0  7  ns  Headache  2  0  2  0  1  0  1  6  ns  Injury  0  0  3  0  0  0  0  3  ns  Diarrhoea  1  0  0  0  0  0  1  2 activities may be promotive of health (Suedfeld, 2001) . Despite the relatively positive account, a number of significant temporal changes in logged variables were noted. In this study, observed changes did not fit a distinctive pattern such as the third quarter (Bechtel & Berning, 1991) and were not specific to either of the two subteams.
During the expedition, there was a significant decrease in concerns which has been found in previous extreme-environment research (e.g., Palinkas, 2003; Sandal et al., 2011 Sandal et al., , 1998 Wagstaff & Weston, 2014) .
Such an interpretation is supported by the descriptive changes and reductions in reports of camaraderie by all team members throughout the expedition.
The remaining changes may reflect the environment becoming normalized. For instance, reductions in satisfaction that equipment is working, worries about friends and family, and enjoyment of the environment are likely to indicate a levelling of the psychological experience (Steine, Steine, Sandbaek, & Roseth, 2003) . Upon entering the expedition, some individuals may worry about leaving family behind and be concerned about whether equipment is going to work. After a short period of time spent in adjusting and successfully dealing with initial difficulties, reduction in these types of report would be expected. Conversely, after the initial excitement of starting the expedition and being in a new environment, enjoyment of the conditions is likely to wane. This represents the monotony of seeing the same type of environment and landscape for a prolonged time.
In terms of coping, the most frequently reported strategies during the expedition reflected emotion-oriented attempts aimed at modifying thoughts and feelings (i.e., comforting cognitions). Although all team members reported a baseline tendency to use active problemsolving strategies, there is a limit to the degree to which individuals are able to change the situation during an expedition. Furthermore, in the absence of particular challenges or when problem-focused strategies fail or are not needed, such strategies are less likely to be utilized. In this circumstance, we may expect emotion-oriented approaches, such as reappraisal and managing thoughts to take precedence. Findings from polar environments support this notion and emphasize the value of emotion-focused coping approaches (Kjaergaard et al., 2015; Leon, Sandal, Fink, & Ciofani, 2011; Wagstaff & Weston, 2014) . At the 1-month follow-up phase, there was a reduction in all of the coping strategies measured in the UCL, suggestive of a reduction in stress resilience (Sandal et al., 2016) . At the 4-month assessment, coping strategy use returned to pre-expedition levels, indicative of post-stress recovery.
Several changes in coping strategy use emerged during the expedition. There was an increase in thinking of something pleasant towards the end of the expedition. In the third and final phases of the expedition, there was also a significant decrease in attempts to see the situation in a positive way, which has previously been observed in the middle to latter phases of other extreme endeavours (Steel, 2001 ).
Together, these changes in coping strategy indicate a refocusing of attention from the immediate situation to a future time when the expedition is due to finish. An interesting observation was that discussing task concerns became less utilized by all team members later in the expedition, which coincided with a decrease in reports of camaraderie and reaffirms the interpretation of a less benevolent group . It is important to note that there were differences between the expedition team members on the coping strategies used and not all team members displayed the same pattern.
Therefore, individual differences in such coping approaches should still be considered (see Figure 2a -c). In upcoming expedition work, it would be interesting to further explore the interaction between coping strategies and re-examine how a person's time perspective shifts during the endeavour and the impact this has on coping with the demands of the environment. Outside of extreme settings, time perspective has been linked to experiences of stress and the use of coping strategies pertinent to the present investigation (Ho & Yeung, 2016) . The focus on time perspective could be particularly relevant for expeditions or deployments that have a shifting end point, which may require individuals to focus more on the "here and now" as opposed to the anticipated end point.
Links between expedition events and coping strategies were examined in relation to positive and negative affect. Satisfaction in making progress and being able to cope with the challenge were linked to higher daily positive affect scores. These events represent a sense of control, highlight the task effectiveness of the individuals and group, and would be expected to result in positive responses (Palinkas & Suedfeld, 2008) . Muscle and joint pain was linked to lower daily positive affect, emphasizing the importance of maintaining physical health whilst operating in demanding environments. A number of events (e.g., gear problems) also predicted elevated levels of daily negative affect. Of particular interest were the positive associations found between concerns about safety decisions, team working, and worries about friends and family, with raised negative affect. Such results reinforce the propositions that interpersonal and relational aspects, such as feeling homesick and missing family, are often the biggest source of stress in extreme settings (Sandal et al., 2006; Stuster, Bachelard, & Suedfeld, 2000) . These types of difficulties may need to be targeted during planning, group training, and information gathering prior to going into extreme environments.
Thinking of something pleasant, seeing the situation in a positive way, and relaxing were all associated with elevated positive affect scores. These relationships highlight the value of emotion-oriented coping approaches when spending long durations in challenging environments. Having negative feelings about a teammate and discussing personal concerns were related to lower positive affect and higher daily negative affect. When individuals endorse such techniques, it signals difficulties associated with group functioning and if left unmanaged could result in disruption and impaired psychological health.
Keeping feelings to oneself was also linked to higher negative affect.
Although concealing feelings may help preserve the status quo, over the long term, this may be maladaptive for effective functioning especially in highly interdependent groups. Understanding which strategies can be used to maintain or boost positive affect, and mitigate negative affective experiences, will likely help sustain the performance and health of individuals and groups under duress. In a recent article, Leach (2016) suggested that when exposed to exceptional, extreme, and torturous environments, small but regular bursts of positive emotion can help sustain psychological health. As such, having an appreciation of the strategies that will allow us to achieve this emotion regulation is important.
There are a number of limitations to acknowledge in relation to the present findings. Data presented are based on a very small number of participants, and caution should be taken when generalizing beyond this specific group. Sample size issues pose a consistent challenge when conducting research with extreme-environment populations.
However, to overcome this challenge, a rigorous diary-study method was employed (Iida, Shrout, Laurenceau, & Bolger, 2012) and repeated measures were collected from the participants that resulted in high fidelity and a robust number of data points. Another limitation is related to the extent to which the expedition was experienced as environments and do warrant research attention (e.g., monotony and team difficulties). It is also important to note that data were collected by self-report questionnaire. Whilst more situational assessments were made using the daily rating forms, these reports remain subjective and it is possible that individuals may attempt to mask their true feelings. In future work, it may be pertinent to include other more objective forms of data collection (e.g., behavioural observation and physiological monitoring) in order to triangulate the psychological information collected.
| Implications for individuals and groups in extreme environments
In spite of the study limitations, results are promising and have clear practical application to other individuals and groups operating in extremis. There was modest evidence for temporal changes in the psychological experience of the expedition team. However In sum, the current study offers a unique insight into the demands faced by individuals operating in a challenging hyperarid desert environment. Addressing a gap in the research literature, we have identified specific events and coping strategies linked to situational changes in affect during an expedition in a desert environment. Such findings offer a foundation for developing a valid and reliable system that can be used by individuals and organization to track situational indicators of psychological health in extreme contexts.
